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Abstract:  In this age of heterogeneous systems, diverse technologies 
are integrated to create application-specific solutions.  The recent 
upsurge in acceptance of technologies such as cloud computing and 
ubiquitous Internet has cleared the path for Internet of Things (IoT).  
Moreover,  the increasing Internet penetration with the rising use of 
mobile devices has inspired an era of technology that allows 
interfacing of physical objects and connecting them to Internet for 
developing applications serving a wide range of purposes.  Recent 
developments in the area of wearable devices has led to the creation 
of another segment in IoT, which can be conveniently referred to as 
Wearable Internet of Things (WIoT). Research in this area promises 
to personalize healthcare in previously unimaginable ways by 
allowing individual tracking of wellness and health information. 
This chapter shall  cover the different facets of Wearable Internet of 
Things (WIoT) and ways in which it  is  a key driving technology 
behind the concept of personalized healthcare.  I t  shall  discuss the 
theoretical aspects of WIoT, focusing on functionality,  design and 
applicabili ty.  Moreover,  i t  shall  also elaborate on the role of 
wearable sensors,  big data and cloud computing as enabling 
technologies for WIoT.  
Keywords:  Wearable Internet of Things;  Wearable Sensors;  
Personalized Healthcare; Smart Healthcare; Pervasive Healthcare 
1. Introduction  
Recent past has seen a dramatic rise in the incidence of chronic, life threatening 
diseases. Moreover, the cost of healthcare rests on an ever-rising curve. Thus, there 
is an urgent need to transmute the healthcare providers’ approach from hospital-
centric to patient-centric. In order words, in the modern scenario, focusing health 
efforts on personalized disease management and individual well being, make most 
sense. The motivation behind the use of technology in health is aimed at providing 
e-health and m-health services to individuals, targeting to improve the operational 
efficiency of the healthcare system. Smart phones and mobile-based service 
provisioning are some of the most path breaking technological advancements of 
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this era. According to a study [1], 21.2% of mobile users in India owned a smart 
phone in 2014 and this percentage is expected to increase to 36.2% by 2022, 
projecting an approximate rise of 70%. The graphical illustration is shown in Fig. 
1. It is important to note that values for years 2014-2018 are actual values while the 
same for 2019-2022 are projections. Moreover, with slashed data usage costs, the 
number of India-based Internet users is expected to witness a rise of 40% by 2023 
[2]. 
Fig. 1: Smart Phone Users’ Share in India [2] 
These statistics set the ground for a mobile-based personalized healthcare 
model, in which smart phones can be used for sensing, connectivity and 
establishing interaction with the individual, making it a core driving technology for 
mHealth [3]. With that said, mobile devices come with basic sensing facilities like 
motion tracking and activity recording. It is not possible for a standalone smart 
phone to capture the finer details and parametric assessment of an individual’s 
health. It is for this reason that wearable devices have to be integrated with this 
model for expanding the sensing capabilities of a smart phone. 
The wearable technology segment has grown immensely in the recent past 
recording a 5.3% increase in revenues for the U.S. market in 2018 [4]. Fig. 2 shows 
a graphical illustration of consumer revenue generated for year 2014 and 2015, 
with value projections for the years ranging between 2016-2019. Moreover, the 
user penetration of this technological segment for the American market stood at 
11.8% [4]. As reported by Quid [4], majority of the people who buy wearable 
products use it for health, fitness and clinical reasons. Evidently, this market is 
expected to grow in the coming years for the obvious cause that a consumer can 
buy multiple wearable products and their applications are not limited to just fitness 
and health. Wearable technology is increasingly being purchased because of other 
reasons as well, such as improved connectivity and innovative value. 
Wearable devices are capable of serving multiple functions, which include (1) 
body data collection (2) basic preprocessing (3) transient data storage, and (4) data 
2.2	
3.8	
5.8	 6.8	
8.8	 9.7	
0	
2	
4	
6	
8	
10	
12	
2014	 2015	 2016	 2017	 2018	 2019	
Pe
rc
en
ta
ge
	S
ha
re
	o
f	M
ob
ile
	U
se
rs
	w
it
h	
Sm
ar
t	P
ho
ne
s	
Year	
3 
transfer to server or mobile phone. The unique selling point of this technology is 
‘wearability’, which allows collection of explicit data values on the basis of 
application-specific requirements. Fundamental advantages of using this 
technology include automatic diagnostic monitoring and allowance of timely 
interventions. On the hindsight, this technology is also confronted with significant 
challenges such as short communication bandwidth, limited battery life and 
restricted computing ability.  
Fig. 2: Revenue Analysis of Consumer Wearable in US [4] 
Internet of Things provides a robust technological framework by facilitating 
data collection from wearable sensors and mobile devices, and backing up the 
computing and storage capabilities by integrated use of state of the art technologies 
like cloud computing [69] and big data [70]. The rest of the chapter is organized in 
the following manner: Section 2 introduces the concept of Wearable Internet of 
Things (WIoT) and covers background concepts related to the same. There are a 
plethora of WIoT applications. However, this chapter limits its scope to 
personalized healthcare and Section 3 covers this facet in detail. Finally, Section 4 
summarizes the challenges and future research prospects in the field with 
concluding remarks synopsized in Section 5.    
2.  Concept of Wearable Internet of Things (WIoT) 
The ubiquitous nature of Internet connectivity has paved way for a new era in 
technology, that of Internet of Things. Simplistically, Internet of Things (IoT) can 
be described as a technology that allows Internet-backed connectivity between 
‘things’ to allow data processing, analytics and visualization for development of 
domain-specific intelligent solutions [5]. Therefore, Internet of Things, essentially, 
uses technologies such as big data and cloud computing to empower its base 
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framework. The past few decades have seen a swift transition from Internet to 
Internet-based services like social networks [6] and wearable web [7].   
Traditionally, the concept of Internet of Things (IoT) is an extension of Internet 
to the real world and its entities. Therefore, its early versions depended on RFID 
technologies [8][9] for transforming ‘things’ into sensing devices. Heterogeneous 
sensors such as accelerometers and gyroscopes succeeded this technology. 
However, the use of IoT in healthcare was well established only after the 
development of wearable devices [10]. Thus, WIoT is majorly used in healthcare 
for improving diagnostics, allowing early interventions and enabling execution of 
remote surgeries [11-14].   
The emergence and growing popularity of wearable devices has led to the 
creation of a new segment in Internet of Things (IoT), widely referred to as 
Wearable Internet of Things (WIoT). In this context, wearable devices form an 
intrinsic fiber for the intelligent fabric of IoT, which connects numerous near-body 
and on-body sensors with Internet and each other. Another significant facet of 
WIoT framework is connecting the end-points to medical infrastructure like 
physicians and hospitals so that longitudinal assessment of patient conditions can 
be performed irrespective of their location.  
Collected data needs be pushed to the concerned healthcare provider and timely 
intervention or management of emergencies can be performed. Therefore, 
Wearable Internet of Things is an infrastructure that enables this interconnectivity 
and facilitates examining of human factors like behaviour, wellness and health, 
thereby contributing in making interventions for enhanced quality of life [15]. 
 Fig. 3: Components of WIoT Architecture 
Data lifecycle consists of standard phases namely collection, storage, 
processing and visualization [16]. In view of this, Qi et al. [17] proposed an IoT-
based architecture for personalized healthcare systems. Fig. 3 illustrates the 
functional components of WIoT, which is inspired by the same proposed by Qi et 
al. [17]. However, the below-mentioned architecture focuses its attention on 
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wearable devices and their integrated use with IoT for healthcare. The architecture 
divides Wearable Internet of Things (WIoT) into four functional components 
namely sensing, network, processing and applications. A detailed description of 
these functional components is provided below. 
2.1. Sensing  
The purpose of sensing layer is to efficiently acquire medical and personal 
information of an individual using sensing technologies. Qi et al. [17] provided a 
classification of available sensors. These include both near-body and on-body 
sensors. Details of the classification scheme are provided in Table 1. Available 
sensors are capable of capturing physiological information like heart activity, eye 
movement and blood pressure. Besides this, inertial sensors, location sensors and 
image sensors may be used for tracking activity.  
Table 1: Classification of Sensors 
Category Sensors Measurements Taken 
Inertial Sensors Magnetic Field Sensor [18] Higher spatial 
resolution’s location 
Pressure Sensor [19] Altitude of the object 
Gyroscope [20] Angular rotational 
velocity 
Accelerometer [21] Measures linear 
acceleration  
Physiological 
Sensors  
 
Galvanic Skin Response 
(GSR) [22] 
Temperature of skin 
surface 
Electrooculography [23] Movement of eye 
Spirometer [24] Lung parameters like 
volume, expiration and 
flow rate.  
Electrocardiogram (ECG) [13] Heart activity 
Blood pressure cuff [25] Blood pressure 
Image Sensors SenseCam [26] Pictures of daily living 
activities 
Location Sensors GPS [27] Coordinates of outdoor 
location 
While near-body sensors may be helpful in gathering additional parameters for 
analysis, wearable body area sensors form the core component of WIoT. These 
sensors are responsible for capturing data from the body directly through contact or 
with the help of peripheral sensors for capturing behavioral patterns. Finally, these 
sensors preprocess data and prepare it for on-board analysis or offshore decision 
making. Typically, the design of a wearable device is application-dependent. 
However, most wearable devices can be expected to come packaged with 
communication capabilities, on-board power management and embedded 
computing device with limited storage support.   
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Lately, many commercial products have come into existence. Peripheral 
wearable sensors that can be worn on the wrist or arm like BodyMedia armband 
[28], are dedicated fitness monitoring wearable devices that work on minimum 
hardware and computing abilities to provide real time activity data of the 
individual. Smart watches [29] are also fitness and activity monitors, but they are 
generally capable of higher functionality and perform many other functions related 
to the smart phone as well.  
Novelty in this domain largely focuses on the body-sensor interface for 
different kinds of parametric data collection. Some examples of such wearable 
sensors include Bio-Patch [30], ring sensor [31] and ECG monitor [32]. Recently, 
the concept of smart textiles and smart clothing have also gathered immense 
research attention, bringing forth the idea of embedding sensors in the textile or 
fabric used for creation of clothing to allow unobtrusive monitoring. These sensor 
fabrics are known to be extremely effective in monitoring response of human 
autonomous nervous system [33].     
These sensors may be used in conjunction with ambient sensors such as 
environment monitoring sensors [34-35] and indoor localization sensors [36-37] for 
a comprehensive analysis of individual’s intrinsic and extrinsic health. Moreover, 
some studies [38-41] suggest that smart phone applications’ data can be used for 
human behavior monitoring, making smart phone, another source of data. The 
challenge in this domain is to develop non-invasive and cost-effective sensors for 
automatic data acquisition in uncontrolled surroundings like IoT-based systems and 
researches [42-44] are being performed in this direction. 
2.2. Network 
Sensing devices cannot function and serve their purpose in a standalone manner 
because of their restricted computing and storage capabilities. Moreover, 
limitations with communication bandwidth and power management also make 
them insufficient devices when alone. All the sensing devices need to be connected 
to the IoT infrastructure for data aggregation, storage and transmission for further 
analysis.  
Firstly, all the sensing devices need to be configured and deployed using a 
standard or hybrid topology. At this level, transfering of mobile and static sensing 
devices to hybrid computing grids is an existing research challenge [17]. Several 
IoT infrastructures such as 6LoWPAN [45] have been proposed for efficient data 
transfer in view of the scalability and mobility issues that arise with the use of IoT 
systems. 
Therefore, challenges at the network layer include interoperability, energy-
efficiency, QoS requirements and network management of heterogeneous 
components. With that said, one of the core issues that need to be tackled at this 
level for personalized healthcare applications is security and privacy of user data. It 
has been proposed that Mobile Cloud Computing (MCC) paradigm can be used 
[15] for management of power and performance issues associated with WIoT as 
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MCC allows cloud-based storage and analysis of data and inherently tackles the 
issues associated with mobility and flexibility requirements of such applications.  
2.3. Data Processing  
The medical data generated by wearable sensors and smart phones is expected 
to be huge. Moreover, deriving knowledge from available data is just as crucial as 
acquisition of data. Applications can only be developed for patient benefit after 
acquired data is put through intelligent algorithms to process it and facilitate action-
based decisions. Early works in this domain focus on development of algorithms 
and computational methodologies for processing of disease-specific datasets.  
Research on generalized methods for processing of medical and health data 
caught the attention of scientists much later with possible use of intelligent 
algorithms for anomaly detection, pattern recognition and decision support being 
investigated in later works [46]. Qi et al. [17] classifies the data processing 
approaches used for healthcare systems into three categories namely data-driven, 
knowledge-based and hybrid approaches. While data-driven methods include 
supervised, unsupervised and semi-supervised approaches, knowledge-based 
approaches rely on semantic reasoning and modeling [17]. Depending upon the 
requirements of the application, a combination of two or more approaches 
belonging to data-driven or knowledge-based classes may be used. These methods 
are referred to as hybrid approaches. 
Technologies such as cloud computing and big data analytics can play an 
instrumental role in data management and processing using machine learning and 
advanced data mining techniques. In line with this, Cloud-based body area sensors 
or CaBAS has emerged as a growing research area that integrates wearable sensors 
with the MCC paradigm to manage scalability issues associated with provisioning 
of data-driven pervasive healthcare solutions [15]. Advantages of using this 
paradigm include improved energy efficiency, creation of annotated data logs, 
support for event-based processing, development of individual-centric databases 
and advanced visualization to support self management at the patient level and 
facilitate decision making at the healthcare provider’s level. 
2.4. Applications  
The application layer of the WIoT architecture focuses on provisioning of high 
quality services to healthcare providers as well as individuals. The user interfaces 
need to be user-friendly in view of the fact that these solutions may or may not be 
used by technologically aware individuals. Personalized healthcare finds its best 
use cases in the elderly who are characteristically not accustomed to using 
complicated technological interfaces. An example of such interventions include 
monitoring of tremors in patients suffering from Parkinson’s disease using the 
Smart watch’s motion sensor [47].  
Conventionally, application was not considered as an independent layer of the 
IoT architecture for healthcare and was typically integrated with the processing 
layer. However, with the widening of the application domain for IoT in healthcare 
and several applications like assistive living and self-management coming into 
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existence, isolating this layer for the sake of application-level novelty became 
inevitable. The applications of IoT in healthcare [59] are summarized in Table 2. 
Challenges specific to this layer of the WIoT infrastructure include creation of 
usable applications that are modeled appropriately to abstract details that are 
irrelevant and probably not understandable for patients and summarizing details 
appropriately for healthcare providers to facilitate quick decision making at their 
end.  
Table 2: Healthcare Applications of IoT 
Category Applications 
Pervasive Monitoring  Monitoring of patient condition and response to 
treatment in real time irrespective of patient or 
clinician’s location. 
Healthcare Management Management of health records with secure sharing 
of records between different entities of the 
healthcare system. 
Staff management 
Quality assessment in terms of hospital 
infrastructure and patient outcome and satisfaction 
Optimizing resource utilization by managing usage 
of medication and evaluation the procedures and 
diagnostics performed.  
Management of Chronic 
Patients 
Risk Assessment 
Tracking, monitoring and quantification of 
patient’s health 
Medical Research Monitoring of performance and efficiency of 
clinical trials 
Comparing the effects of treatment and quantifying 
the patient’s functional recovery 
Finding new therapeutics 
3. Enabling Personalized Healthcare With WIoT 
Although, research efforts are far from mature when it comes to application of 
technologies for development of healthcare-specific applications, the number of 
applications and possibility of innovation in this domain lies in the infinite space of 
reality. It would not be wrong to state that we are living in the age of individuality, 
with all existing systems from e-commerce to daily living solutions turning to 
personalization for usage and business benefits. Healthcare is not an exception to 
this unsaid rule. 
As shown in Fig. 4, applications of WIoT in personalized healthcare can 
broadly be divided into five categories namely physical activity monitoring, self 
management and monitoring, clinical decision support systems for automated 
diagnosis and treatment, emergency health services and assisted living solutions for 
elderly and differently-abled. Most wearable devices available today can be 
connected to the smart phone for monitoring physical activity parameters related to 
motion, breathing and heart activity. Some of the research projects that focus on 
this domain include Mobile Sensing Platform [48], Wireless Sensor Data Mining 
[49] and mHealthDroid [50].  
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Such applications are specifically useful for patients or individuals suffering 
from conditions that require physical activity monitoring. One such example is a 
wearable device and message-based prompting service [60] for monitoring physical 
activity in individuals who are obese or expected to manifest such a problem. 
Moreover, integrated system for gymnasiums that monitor physical activity of 
people who are working out and sets an alarm on detection of a problem also exist 
[63]. Future research efforts required for evolving physical monitoring devices 
needs to be centered on clinical integration, privacy, measurement and adherence 
[61] for it to be widely adopted for clinical management.  
 
 
Fig. 4: Personalized Healthcare Applications 
Self management and monitoring applications typically concentrate on 
telemonitoring and aim to improve the individual’s quality of life by providing a 
seamless interface between the caregivers, physicians and individuals. The 
challenging aspect of these systems is to design solutions that can satisfy the user-
specific needs because the success or failure of a therapy largely depends on 
individual’s perception and feedback. Such systems include MOKUS [51] that is 
designed for arthritis patients’ self management and an in-home patient monitoring 
system [68] for at-home monitoring of patient health.  
Clinical decision support systems typically require individual’s health data that 
can be automatically analyzed for prediction of diseases and monitoring the 
response of the patient to provided treatment. This concept aids treatment planning 
and facilitates personalized medicine, also bringing down the costs and improving 
the overall accuracy of the healthcare process. METEOR [52] is a generic 
infrastructure that captures patient information and aids treatment planning and 
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response monitoring. Besides this, disease-specific solutions like PredictAD [53] 
also exist. This solution specifically works for the prediction and management of 
Alzheimer’s disease.  
Personalized solutions can track individual information to capture movement 
data and vital parameter measurements for prediction of emergencies. On the onset 
of such a scenario, automated action from the healthcare providers’ end can be 
initiated. Although, such solutions can be of benefit to all patients suffering from 
chronic disorders, they are specifically relevant for the elderly population. 
Emergency Monitoring and Prevention (EMERGE) [54] is a solution that focuses 
on this aspect of personalized healthcare. Another solution in this category is infant 
health monitoring system for emergency handling [67].   
In continuation to the concept of detection of emergencies and their prevention, 
individual health data tracking can also be used for development of assisted living 
solutions for the elderly and differently-abled. Moreover, such solutions can also be 
expanded to serve patients suffering from chronic and life-threatening diseases so 
that continuous monitoring can be performed and timely interventions can be made. 
SMART [55] and PIA [56] are two projects that are working on these facets.  
While SMART focuses on care for chronic patients, PIA is a dedicated service 
for the elderly. Another implemented solution in this domain is AlarmNet [62], 
which is a monitoring and assisted living solution for residential communities. It 
provides pervasive healthcare that is adaptable to the varying needs to individuals 
living in these communities.  
In addition to the above mentioned, several applications of WIoT-based 
personalized healthcare can also be extended to monitoring, management and 
treatment of emotional issues in individuals. Besides this, hospital and 
rehabilitation centers’ processes [64] can be modeled for development of patient-
centric treatment and monitoring applications for use in these domains. The 
applications of WIoT in personalized healthcare are summarized in Table 3. 
Table 3: Applications of WIoT in Personalized Healthcare 
Category Application Functionality 
 
Physical Activity 
Monitoring 
MSP [48] For this application, the wearable is 
placed on the waist and is connected to 
the smart phone for activity monitoring.  
WSDN [49] This platform detects human activity 
using the Android phone carried by the 
individual and uses supervised learning 
for detection of the type of activity being 
performed.  
mHealthDroid 
[50] 
This solution connects multiple smart 
devices together for capturing 
ambulation and biomedical signals, 
which are further processed to give alerts 
and measure parameters like trunk 
endurance.  
SMS-based 
Notification for 
Management 
of Obesity [60] 
This application uses SMS-based 
prompting with Fitbit One for 
monitoring of physical activity in obese 
adults.  
Sportsman 
Monitoring 
This application monitors vital 
parameters of a person who is 
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System [63] performing workout and sets the alarm in 
case any abnormal physiological 
parameter measurement is detected.  
 
Self Management 
and Monitoring 
 
MOKUS [51] Self-disease management for patients 
suffering from arthritis.  
In-Home 
Health 
Monitoring 
System [68] 
This solution monitors vital parameters 
to assess the possibility of deterioration 
in patients at home. 
 
Emergency 
Health Services 
 
EMERGE [54] This application performs emergency 
monitoring and prevention and 
specifically targets the elderly 
population.  
Infant Health 
Condition 
Check [67] 
This is a proposed design that measures 
biometric information of an infant and 
can be used assess the possibility and 
cope with an emergency.  
 
Clinical Decision 
Support Systems 
 
METEOR [52] Generic application centered on planning 
of treatment and monitoring of response.  
PredictAD [53] This solution specifically works for 
prediction and management of 
Alzheimer’s disease.   
 
Assisted Living 
for Elderly and 
Differently-Abled 
 
SMART [55]  This solution is a service for patients 
suffering from disorders, which include 
stroke, chronic pain and heart failure. 
PIA [56] This project is an initiative for the 
elderly who live independently and 
follows the simple approach that allows 
elderly people to watch instructional 
videos uploaded by caregivers for 
efficient management.  
AlarmNet [62] It is an assisted adaptive solution for 
residential communities.  
 
Miscellaneous 
 
Ubiquitous 
rehabilitation 
center [64] 
Solution for monitoring of rehabilitation 
machines. 
Etiobe [65] Application for management of obesity 
in children 
SALSA [66] Architecture for facilitating response to 
individual and clinician-specific 
demands.  
 
The recent advances in genomics [57] have driven research in the field of 
personalized medicine with higher zeal and momentum. This is expected to drive a 
paradigm shift from hospital-centric approach to optimized healthcare services that 
focus on the treatment and well being of individual subjects. Personalized 
healthcare is sure to revolutionize this industry and offers innumerable benefits to 
all entities of the system. However, it also suffers from potential shortcomings, 
ranging from scientific hurdles to legal and socio-economic challenges that need to 
be overcome before a transitional shift can be made in one of the most critical 
sectors of the society.  
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4. Challenges and Future Prospects 
There is a rising need for sustainable healthcare for all sections of the society 
and personalization of treatment and management. In order to achieve the required 
efficacy, a solid infrastructural foundation needs to be laid for large-scale 
deployment of wearable sensors and their interaction with conventional medical 
facilities. The challenges and directions in the integrative use of WIoT for 
personalized healthcare exist both at the clinical as well as operational levels.  
The objective of using technological interventions in the healthcare industry is 
to allow interaction between patients and healthcare providers beyond the walls of 
the clinic or hospital. Moreover, there is an ever-insistent demand of healthcare 
providers from individuals to remain proactive about their medical conditions and 
overall health. The WIoT infrastructure allows inter-entity communication, thereby 
allowing immediate feedback on systems, micro-management of patient condition 
and off-location treatment.  
With respect to this facet of WIoT, the level of information to be shared 
between the patient and healthcare provider can be precise or detailed. For 
example, an application may just suggest physical activity of 30 minutes to a 
patient while another application may further fine-grain the information to the type 
of exercise, along with the details on how to perform them. Similarly, on the 
clinician’s level, the amount of information shared may be a detailed case report or 
summary. Therefore, deciding on application-specific guidelines and standards is a 
daunting task because the patient may not be well versed with clinical terms to 
understand the details and abstraction may be needed. Moreover, the clinician must 
also just receive the information that is required to make an intervention or suggest 
an appropriate treatment.  
Personalization of treatment is one of the key benefits of WIoT, which is 
particularly relevant in consideration of the fact that every disease, disorder or 
syndrome manifests different symptoms in different individuals. Moreover, the 
intensity of these symptoms shall also vary significantly. This is specifically the 
case with chronic disorders where doctors face challenges in creating individual 
treatment plans, as the response of the patient to any prescribed treatment cannot be 
predicted. Furthermore, the success of a treatment plan depends on the adherence 
of the plan, which needs to be monitored. In view of these, future research 
directions in this area include healthcare pattern identification, identification of 
anomalies and emergency management.   
Other issues related with the use of wearable devices include standardization. 
There are some FDA guidelines that deal with wearable devices used for medical 
purposes [58]. Since, these devices work on multi-range communication protocols, 
their safety for human use needs to be established before they can be put to large-
scale practice, which requires extensive clinical trials.  
Finally, wearable devices may or may not be easy to maintain. On the hardware 
level, these devices suffer from battery issues. On the software level, one of the 
biggest challenges faced by designers of wearable devices is providing usable 
solutions that can present information in an abstractive form with the help of 
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interactive interfaces. Besides this, these solutions must contribute to improving the 
activity levels of individuals. Furthermore, health data is private and confidential 
and ensuring safety and privacy and following the legislative guidelines set by 
different jurisdictions can be an arduous task.  
5. Conclusion 
The synergistic use of Internet of Things (IoT) and wearable technology has led 
to the development of a new technological paradigm, Wearable Internet of Things 
(WIoT). This chapter discusses the different aspects of WIoT. The functional 
components of the WIoT architecture include wearable sensors and mobile devices 
for sensing, IoT infrastructure for connectivity and cloud-based big data support for 
data processing. All of these components collectively and progressively contribute 
to applications like personalized healthcare and assistive living.  
This chapter particularly focuses on the use of WIoT for personalization of 
healthcare services and evidently, the use of this technology can be particularly 
beneficial for elderly and individuals who are already suffering from a chronic 
disease. WIoT is capable of revolutionizing healthcare sector by allowing early 
diagnosis and effective treatment with efficient patient monitoring possible even 
after the patient has left the hospital. However, in order to achieve success, some 
inherent challenges like incorporation of healthcare process flows and 
understanding of standards and requirements need to be tackled.  
References 
[1] Smartphone penetration in India 2014-2022 | Statista. (2020). Retrieved 16 April 2020, from 
https://www.statista.com/statistics/257048/smartphone-user-penetration-in-india/ 
[2] Internet users in India to rise by 40%, smartphones to double by 2023: McKinsey. (2020). 
Retrieved 16 April 2020, from https://economictimes.indiatimes.com/tech/internet/internet-
users-in-india-to-rise-by-40-smartphones-to-double-by-2023-
mckinsey/articleshow/69040395.cms?from=mdr 
[3] Kay, M., Santos, J., & Takane, M. (2011). mHealth: New horizons for health through mobile 
technologies. World Health Organization, 64(7), 66-71. 
[4] Gaille, B. (2020). 29 Wearable Technology Industry Statistics, Trends & Analysis. Retrieved 
16 April 2020, from https://brandongaille.com/29-wearable-technology-industry-statistics-
trends-analysis/ 
[5] Atzori, L., Iera, A., & Morabito, G. (2017). Understanding the Internet of Things: definition, 
potentials, and societal role of a fast evolving paradigm. Ad Hoc Networks, 56, 122-140. 
[6] Mislove, A., Marcon, M., Gummadi, K. P., Druschel, P., & Bhattacharjee, B. (2007, 
October). Measurement and analysis of online social networks. In Proceedings of the 7th 
ACM SIGCOMM conference on Internet measurement (pp. 29-42). 
[7] Dai, Y., Wang, X., Li, X., & Zhang, P. (2015, May). Reputation-driven multimodal emotion 
recognition in wearable biosensor network. In 2015 IEEE International Instrumentation and 
Measurement Technology Conference (I2MTC) Proceedings (pp. 1747-1752). IEEE. 
14 
[8] Acampora, G., Cook, D. J., Rashidi, P., & Vasilakos, A. V. (2013). A survey on ambient 
intelligence in healthcare. Proceedings of the IEEE, 101(12), 2470-2494. 
[9] Naranjo-Hernandez, D., Roa, L. M., Reina-Tosina, J., & Estudillo-Valderrama, M. A. (2012). 
SoM: a smart sensor for human activity monitoring and assisted healthy ageing. IEEE 
transactions on biomedical engineering, 59(11), 3177-3184. 
[10] Spanakis, E. G., Kafetzopoulos, D., Yang, P., Marias, K., Deng, Z., Tsiknakis, M., ... & 
Dong, F. (2014, November). MyHealthAvatar: Personalized and empowerment health 
services through Internet of Things technologies. In 2014 4th International Conference on 
Wireless Mobile Communication and Healthcare-Transforming Healthcare Through 
Innovations in Mobile and Wireless Technologies (MOBIHEALTH) (pp. 331-334). IEEE. 
[11] Kau, L. J., & Chen, C. S. (2014). A smart phone-based pocket fall accident detection, 
positioning, and rescue system. IEEE journal of biomedical and health informatics, 19(1), 44-
56. 
[12] Ermes, M., Pärkkä, J., Mäntyjärvi, J., & Korhonen, I. (2008). Detection of daily activities 
and sports with wearable sensors in controlled and uncontrolled conditions. IEEE transactions 
on information technology in biomedicine, 12(1), 20-26. 
[13] Pawar, T., Anantakrishnan, N. S., Chaudhuri, S., & Duttagupta, S. P. (2008). Impact of 
ambulation in wearable-ECG. Annals of Biomedical Engineering, 36(9), 1547-1557. 
[14] Riaño, D., Real, F., López-Vallverdú, J. A., Campana, F., Ercolani, S., Mecocci, P., ... & 
Caltagirone, C. (2012). An ontology-based personalization of health-care knowledge to 
support clinical decisions for chronically ill patients. Journal of biomedical informatics, 
45(3), 429-446. 
[15] Hiremath, S., Yang, G., & Mankodiya, K. (2014, November). Wearable Internet of Things: 
Concept, architectural components and promises for person-centered healthcare. In 2014 4th 
International Conference on Wireless Mobile Communication and Healthcare-Transforming 
Healthcare Through Innovations in Mobile and Wireless Technologies (MOBIHEALTH) (pp. 
304-307). IEEE. 
[16] Khan, S., Shakil, K. A., & Alam, M. (2017). Big Data Computing Using Cloud-Based 
Technologies: Challenges and Future Perspectives. In Networks of the Future (pp. 393-414). 
Chapman and Hall/CRC. 
[17] Qi, J., Yang, P., Min, G., Amft, O., Dong, F., & Xu, L. (2017). Advanced internet of things 
for personalised healthcare systems: A survey. Pervasive and Mobile Computing, 41, 132-
149. 
[18] Shoaib, M., Bosch, S., Incel, O. D., Scholten, H., & Havinga, P. J. (2015). A survey of 
online activity recognition using mobile phones. Sensors, 15(1), 2059-2085. 
[19] Moncada-Torres, A., Leuenberger, K., Gonzenbach, R., Luft, A., & Gassert, R. (2014). 
Activity classification based on inertial and barometric pressure sensors at different 
anatomical locations. Physiological measurement, 35(7), 1245. 
[20] Dejnabadi, H., Jolles, B. M., & Aminian, K. (2005). A new approach to accurate 
measurement of uniaxial joint angles based on a combination of accelerometers and 
gyroscopes. IEEE Transactions on Biomedical Engineering, 52(8), 1478-1484. 
[21] Bouten, C. V., Koekkoek, K. T., Verduin, M., Kodde, R., & Janssen, J. D. (1997). A triaxial 
accelerometer and portable data processing unit for the assessment of daily physical activity. 
IEEE transactions on biomedical engineering, 44(3), 136-147. 
[22] Sun, F. T., Kuo, C., Cheng, H. T., Buthpitiya, S., Collins, P., & Griss, M. (2010, October). 
Activity-aware mental stress detection using physiological sensors. In International 
conference on Mobile computing, applications, and services (pp. 282-301). Springer, Berlin, 
Heidelberg. 
[23] Bulling, A., Ward, J. A., & Gellersen, H. (2012). Multimodal recognition of reading activity 
in transit using body-worn sensors. ACM Transactions on Applied Perception (TAP), 9(1), 1-
21. 
15 
[24] Wensley, D., & Silverman, M. (2004). Peak flow monitoring for guided self-management in 
childhood asthma: a randomized controlled trial. American journal of respiratory and critical 
care medicine, 170(6), 606-612. 
[25] Davies, R. J., Galway, L. B., Nugent, C. D., Jamison, C. H., Gawley, R. E., McCullagh, P. 
J., ... & Black, N. D. (2011, May). A platform for self-management supported by assistive, 
rehabilitation and telecare technologies. In 2011 5th International Conference on Pervasive 
Computing Technologies for Healthcare (PervasiveHealth) and Workshops (pp. 458-460). 
IEEE. 
[26] Berry, E., Kapur, N., Williams, L., Hodges, S., Watson, P., Smyth, G., ... & Wood, K. 
(2007). The use of a wearable camera, SenseCam, as a pictorial diary to improve 
autobiographical memory in a patient with limbic encephalitis: A preliminary report. 
Neuropsychological Rehabilitation, 17(4-5), 582-601. 
[27] Liao, L., Fox, D., & Kautz, H. (2007). Hierarchical conditional random fields for GPS-
based activity recognition. In Robotics Research (pp. 487-506). Springer, Berlin, Heidelberg. 
[28] Armbands Archives » BodyMedia.com | Fitness - Weight Loss - Bodybuilding Supplement 
Reviews |. (2020). Retrieved 16 April 2020, from https://bodymedia.com/category/armbands/ 
[29] Reeder, B., & David, A. (2016). Health at hand: a systematic review of smart watch uses for 
health and wellness. Journal of biomedical informatics, 63, 269-276. 
[30] Yang, G., Xie, L., Mäntysalo, M., Zhou, X., Pang, Z., Da Xu, L., ... & Zheng, L. R. (2014). 
A health-IoT platform based on the integration of intelligent packaging, unobtrusive bio-
sensor, and intelligent medicine box. IEEE transactions on industrial informatics, 10(4), 
2180-2191. 
[31] Asada, H. H., Shaltis, P., Reisner, A., Rhee, S., & Hutchinson, R. C. (2003). Mobile 
monitoring with wearable photoplethysmographic biosensors. IEEE engineering in medicine 
and biology magazine, 22(3), 28-40. 
[32] Mankodiya, K., Hassan, Y. A., Vogt, S., Gehring, H., & Hofmann, U. G. (2010, 
September). Wearable ECG module for long-term recordings using a smartphone processor. 
In Proceedings of the 5th International Workshop on Ubiquitous Health and Wellness, 
Copenhagen, Denmark (Vol. 2629). 
[33] Seoane, F., Ferreira, J., Alvarez, L., Buendia, R., Ayllón, D., Llerena, C., & Gil-Pita, R. 
(2013). Sensorized garments and textrode-enabled measurement instrumentation for 
ambulatory assessment of the autonomic nervous system response in the ATREC project. 
Sensors, 13(7), 8997-9015. 
[34] Doherty, A. R., Caprani, N., Conaire, C. Ó., Kalnikaite, V., Gurrin, C., Smeaton, A. F., & 
O’Connor, N. E. (2011). Passively recognising human activities through lifelogging. 
Computers in Human Behavior, 27(5), 1948-1958. 
[35] Sugimoto, C., & Kohno, R. (2011, October). Wireless sensing system for healthcare 
monitoring thermal physiological state and recognizing behavior. In 2011 International 
Conference on Broadband and Wireless Computing, Communication and Applications (pp. 
285-291). IEEE. 
[36] Sixsmith, A., & Johnson, N. (2004). A smart sensor to detect the falls of the elderly. IEEE 
Pervasive computing, 3(2), 42-47. 
[37] Lee, H. J., Lee, S. H., Ha, K. S., Jang, H. C., Chung, W. Y., Kim, J. Y., ... & Yoo, D. H. 
(2009). Ubiquitous healthcare service using Zigbee and mobile phone for elderly patients. 
International journal of medical informatics, 78(3), 193-198. 
[38] Penninx, B. W., Rejeski, W. J., Pandya, J., Miller, M. E., Di Bari, M., Applegate, W. B., & 
Pahor, M. (2002). Exercise and depressive symptoms: a comparison of aerobic and resistance 
exercise effects on emotional and physical function in older persons with high and low 
depressive symptomatology. The Journals of Gerontology Series B: Psychological Sciences 
and Social Sciences, 57(2), P124-P132. 
[39] Salovey, P., Rothman, A. J., Detweiler, J. B., & Steward, W. T. (2000). Emotional states 
and physical health. American psychologist, 55(1), 110. 
16 
[40] Oh, K., Park, H. S., & Cho, S. B. (2010, October). A mobile context sharing system using 
activity and emotion recognition with Bayesian networks. In 2010 7th International 
Conference on Ubiquitous Intelligence & Computing and 7th International Conference on 
Autonomic & Trusted Computing (pp. 244-249). IEEE. 
[41] Steptoe, A. S., & Butler, N. (1996). Sports participation and emotional wellbeing in 
adolescents. The Lancet, 347(9018), 1789-1792. 
[42] Bao, L., & Intille, S. S. (2004, April). Activity recognition from user-annotated acceleration 
data. In International conference on pervasive computing (pp. 1-17). Springer, Berlin, 
Heidelberg. 
[43] Atallah, L., Lo, B., King, R., & Yang, G. Z. (2011). Sensor positioning for activity 
recognition using wearable accelerometers. IEEE transactions on biomedical circuits and 
systems, 5(4), 320-329. 
[44] Longstaff, B., Reddy, S., & Estrin, D. (2010, March). Improving activity classification for 
health applications on mobile devices using active and semi-supervised learning. In 2010 4th 
International Conference on Pervasive Computing Technologies for Healthcare (pp. 1-7). 
IEEE. 
[45] Imadali, S., Karanasiou, A., Petrescu, A., Sifniadis, I., Vèque, V., & Angelidis, P. (2012, 
October). eHealth service support in IPv6 vehicular networks. In 2012 IEEE 8th International 
Conference on Wireless and Mobile Computing, Networking and Communications (WiMob) 
(pp. 579-585). IEEE. 
[46] Islam, S. R., Kwak, D., Kabir, M. H., Hossain, M., & Kwak, K. S. (2015). The internet of 
things for health care: a comprehensive survey. IEEE Access, 3, 678-708. 
[47] Sharma, V., Mankodiya, K., De La Torre, F., Zhang, A., Ryan, N., Ton, T. G., ... & Jain, S. 
(2014, June). SPARK: personalized parkinson disease interventions through synergy between 
a smartphone and a smartwatch. In International Conference of Design, User Experience, and 
Usability (pp. 103-114). Springer, Cham. 
[48] Choudhury, T., Borriello, G., Consolvo, S., Haehnel, D., Harrison, B., Hemingway, B., ... & 
LeGrand, L. (2008). The mobile sensing platform: An embedded activity recognition system. 
IEEE Pervasive Computing, 7(2), 32-41. 
[49] Kwapisz, J. R., Weiss, G. M., & Moore, S. A. (2011). Activity recognition using cell phone 
accelerometers. ACM SigKDD Explorations Newsletter, 12(2), 74-82. 
[50] Banos, O., Garcia, R., Holgado-Terriza, J. A., Damas, M., Pomares, H., Rojas, I., ... & 
Villalonga, C. (2014, December). mHealthDroid: a novel framework for agile development 
of mobile health applications. In International workshop on ambient assisted living (pp. 91-
98). Springer, Cham. 
[51] Chen, L., Kapoor, S., & Bhatia, R. (2016). Emerging Trends and Advanced Technologies 
for Computational Intelligence. Springer. 
[52] Puppala, M., He, T., Chen, S., Ogunti, R., Yu, X., Li, F., ... & Wong, S. T. (2015). 
METEOR: an enterprise health informatics environment to support evidence-based medicine. 
IEEE Transactions on Biomedical Engineering, 62(12), 2776-2786. 
[53] Mattila, J., Koikkalainen, J., Virkki, A., van Gils, M., Lötjönen, J., & Alzheimer's Disease 
Neuroimaging Initiative. (2011). Design and application of a generic clinical decision support 
system for multiscale data. IEEE Transactions on Biomedical Engineering, 59(1), 234-240. 
[54] Storf, H., Becker, M., & Riedl, M. (2009, April). Rule-based activity recognition 
framework: Challenges, technique and learning. In 2009 3rd International Conference on 
Pervasive Computing Technologies for Healthcare (pp. 1-7). IEEE. 
[55] Huang, Y., Zheng, H., Nugent, C., McCullagh, P., Black, N., Hawley, M., & Mountain, G. 
(2011, September). Knowledge discovery from lifestyle profiles to support self-management 
of Chronic Heart Failure. In 2011 Computing in Cardiology (pp. 397-400). IEEE. 
[56] Rafferty, J., Nugent, C., Chen, L., Qi, J., Dutton, R., Zirk, A., ... & Hellman, R. (2014, 
August). NFC based provisioning of instructional videos to assist with instrumental activities 
of daily living. In 2014 36th Annual International Conference of the IEEE Engineering in 
Medicine and Biology Society (pp. 4131-4134). IEEE. 
17 
[57] McClaren, B. J., King, E. A., Crellin, E., Gaff, C., Metcalfe, S. A., & Nisselle, A. (2020). 
Development of an Evidence-Based, Theory-Informed National Survey of Physician 
Preparedness for Genomic Medicine and Preferences for Genomics Continuing Education. 
Frontiers in Genetics, 11, 59. 
[58] Mahn, T. G., (2013), Wireless Medical Technologies: Navigating Government Regulation 
in New Medical Age”. A report on medical device regulation.  
[59] The Role of IoT in Healthcare: Applications & Implementation. (2020). Retrieved 20 April 
2020, from https://www.finoit.com/blog/the-role-of-iot-in-healthcare-space/  
[60] Wang, J. B., Cadmus-Bertram, L. A., Natarajan, L., White, M. M., Madanat, H., Nichols, J. 
F., ... & Pierce, J. P. (2015). Wearable sensor/device (Fitbit One) and SMS text-messaging 
prompts to increase physical activity in overweight and obese adults: a randomized controlled 
trial. Telemedicine and e-Health, 21(10), 782-792. 
[61]Chiauzzi, E., Rodarte, C., & DasMahapatra, P. (2015). Patient-centered activity monitoring 
in the self-management of chronic health conditions. BMC medicine, 13(1), 77. 
[62] Wood, A. D., Stankovic, J. A., Virone, G., Selavo, L., He, Z., Cao, Q., ... & Stoleru, R. 
(2008). Context-aware wireless sensor networks for assisted living and residential 
monitoring. IEEE network, 22(4), 26-33. 
[63] Castillejo, P., Martínez, J. F., López, L., & Rubio, G. (2013). An internet of things approach 
for managing smart services provided by wearable devices. International Journal of 
Distributed Sensor Networks, 9(2), 190813. 
[64] Jarochowski, B. P., Shin, S., Ryu, D., & Kim, H. (2007, November). Ubiquitous 
rehabilitation center: An implementation of a wireless sensor network based rehabilitation 
management system. In 2007 International Conference on Convergence Information 
Technology (ICCIT 2007) (pp. 2349-2358). IEEE. 
[65] Baños, R. M., Cebolla, A., Botella, C., García-Palacios, A., Oliver, E., Zaragoza, I., & 
Alcaniz, M. (2011). Improving childhood obesity treatment using new technologies: the 
ETIOBE system. Clinical practice and epidemiology in mental health: CP & EMH, 7, 62. 
[66] Rodríguez, M. D., & Favela, J. (2012). Assessing the SALSA architecture for developing 
agent-based ambient computing applications. Science of Computer Programming, 77(1), 46-
65. 
[67] Kim, S., & Ko, D. S. (2015, November). Design of Infant Health Condition Check Solution 
Based on a Wearable Device with Attitude Heading Reference System. In 2015 8th 
International Conference on Bio-Science and Bio-Technology (BSBT) (pp. 1-3). IEEE. 
[68] Anzanpour, A., Rahmani, A. M., Liljeberg, P., & Tenhunen, H. (2015, December). Internet 
of things enabled in-home health monitoring system using early warning score. In 
Proceedings of the 5th EAI International Conference on Wireless Mobile Communication 
and Healthcare (pp. 174-177). 
[69] Khan, S., Ali, S. A., Hasan, N., Shakil, K. A., & Alam, M. (2019). Big Data Scientific 
Workflows in the Cloud: Challenges and Future Prospects. In Cloud Computing for 
Geospatial Big Data Analytics (pp. 1-28). Springer, Cham. 
[70] Khan, S., Shakil, K. A., & Alam, M. (2018). Cloud-based big data analytics—a survey of 
current research and future directions. In Big Data Analytics (pp. 595-604). Springer, 
Singapore. 
